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PREFACE. 



The following discuBsion of the ele- 
mentary optical principles of the tele- 
scope was written two years ago, and 
is now published without alteration or 
additions. 

From the nature of the subject, the 
writer can, of course, claim no origin- 
ality, except for the form in which he 
presents the material, collected and 
condensed from various treatises on 
optics. 
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The Telescope. 



The Telescope is certainly one of the 
noblest monuments of human genius, 
and its invention will always be con- 
sidered as among the most remarkable 
in the whole circle of human knowledge. 
It is a work, in which, by following un- 
consciously the plan of nature in the 
formation of the eye, we have come the 
nearest to the construction of a new 
organ of sense, and by means of which, 
we have extended our views and re- 
searches far beyond the limits of oar 
own globe — that sphere which nature 
seemed to have designed for our in- 
quiries. Enabling us to penetrate into 
the immensity of space, and to become, 
as it were, familiar with other worlds 
placed at almost immeasurable distances 
from us, the telescope has revealed an 



inGnitude of celestial bodies, whose ex- 
istence must forever have remained un- 
known to us, but for its invention. Its 
history, like that of every complicated 
inetrament, has been a history of im- 
provements. The question of the origin 
of the invention, although abundantly 
inquired into, has never met with a satis- 
factory answer; and the question — who 
made the first telescope ? will probably 
never be conclUBively settled. For the 
invention, in its original form, we sra 
indebted to accident, or to the trials of 
men who had little knowledge of the 
principles of the ecienue upon which 
they were conferring so great a favor. 
Not a single thing, but a combination of 
things, the telescope in its earliest forms 
was a simple combination of certain 
kinds of convex and concave lenses, 
known and used as spectacles many 
years before; and whether the credit of 
the invention should be giyen to Metlns, 
Lipperhey, Jansen, Baptista Ports, Gali- 
leo, or to others whose names are an- 
known, it is a moat difficult and invidi- 




ous task to decide. But interesting 
thoQgh these inqairies may be, it is not 
my purpose in this dissertation to enter 
ioto the disouasioQ of the question as to 
who was the inventor of the firet " optick- 
tube," or to describe minutely and his- 
torically all the several saocessive 
changes and improvements which it has 
nndergone in the hands of different 
philosophers ; but rather, to examine the 
theory of those forms of refracting and 
reSeoting telescopes which have been of 
more general application. 



THK OPTICAL PEINCIPLKS 
THB COSaTKlTCTION OF THB TELESCOPE. 

A telescope, in general, consists of a 
tabe containing a system of glass lenses, 
or a speculum in combination with such 
lenses; and is used to render distant ob- 
jects more clearly visible; (1) by enlarg- 
ing their apparent aDgiilar dimensions, 
and (2) by introducing into the eye a 
superior quantity of their light. 

Those constructed with glass lenses 
only, are called dioptric or refracting, 
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and the others catoptric or reflecting tel- 
escopes. In the refracting telescope, 
rays of light coming from the object are 
made to converge by a convex lens, and, 
if not intercepted, form an image at its 
focus. In the reflecting telesoope, the 
image is formed by the reflection of the 
raya which impinge iipon the concave 
surface of a speculum. 
We will first consider : 

I. THE SIMPLE ItHFBACrrNG TELESCOPE. 

In exhibiting llie principles on which 
the refracting telescope is GOnstriicted, 
we mast first explain the formation of 
the image of on object at the focuB of k 
lens. 

When a convex lens is placed before 
an object, an image of the latter is 
formed at a certain distance behind or 
before the refracting surface, whose mag- 
nitude is greater or leas, according as it 
is formed farther from, or nearer to die 
surface- , The one particular distancu at 
which tlie image is distinct, is called the 
' ^SQi^a.: 'At every other distance il is 




hazy and aosfused. By the use of th( 
teleeeope the image is prodaoed 
retina of the eye itself, and its office is 
to prepare the rays of light for forming 
on the retina an image larger and clearer 
than vould be formed without its help. 
In (Fig. l) two rays proceeding from 
the top and bottom of the object AB 
are represented separately. The ray Ac, 
passing through the center of the lena 
O, ia anafieoted, because the sarfaoea 
through which it passes are parallel to 
each other, and from the property of the 
lens, all other rays from A, on passing 
throDgh it, are brought to a focus aome- 
• where on Aa, depending upon the curva- 
ture of the lens. In like manner, all 
rays from B are brought to a focns at &, 
each point of AB having its correspond- 
ing footiB in ab. The latter is smaller 
than AB in proportion aa cO is less than 
CO; and if we increase the focal length 
of O till ab is twice the distance away, 
it becomes double its present size. The 
place of an image depends upon the dia- 
tanoe of an object, and when the latter 
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is considered at an infinite distaiice, as ia 

tlie case with the hoavealy bodies, the 
image is formed at the principal focas of 
the leiiB, or the focus of parallel ray. 

If rays ABC &c., pass through a con- 
cave lens, as in (Fig. 2), they are not 
brought to a focus, but diverge as if they 
came from some point P, called the vir- 
tual focus. 

The first condition which a telescope 
must fulfil] is, that it shall so dispose all 
rays emanating from any point in an ob- 
ject, that they may emerge from the instru- 
ment parallel to each other, in the usual 
or medium situation of the mechanism. 

The second condition is, that the me- 
chanism its^f shall be adjustable, so as, 
by a movement of the parts inter ae, to 
convert this parallelism into a slight 
divergence or convergence, to suit the 
eyes of near or long-sighted persons. 

The third condition is, that the pencils 
of parallel rays coming iii]to the eye 
from different points of the object, shall 
be inclined to each other at greater 
gles than those actually subtended at 
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't, by the respective iotervab between 
le points themselves. The number ex- 
tressing this ratio is the measure of the 
magnifying povier of the telescope, and 
the apparent linear tlimensiona of an ob- 
ject being in proportion to its magnify- 
ing power, the apparent enlargement of 
its superficial area is as the square of the 
ignifying power. 

le aimplest constmction of the re- 
iting telescope is that in which the 
;e formed in the focus of s convex 
lens, or obfect-glaas, is viewed through a 
second lens, or eye-glojia, bo placed as to 
have the image in its focus for parallel 
rayi iucident in the contrary direction, 
and its axis coincident witlj that of the 
first lens. 

Three cases arise by applying this 
principle, which afford telescopes of dif< 
ferenl characters: 

The Galilean telescope, with donble 
iftve eye-glass, showing objects erect. 
The Aslronomical telescope, firrt 
anggested by Kepler, with double con- 
vex eye-glass, showing objects inverted. 
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3. The Terrestrial telescope, aaggested 
by Bheita, with three double convex eye- 
glaaaeB, ehowing objects erect. 

1. THK OAIJLSAH TBI^eCOPK. 

In this instrament, the eye-glaaa PQ 
(Fig. 3) is pl:iced between the object-glaBS 
MN and its foeus 0', eo that the axes of 
both glasBes are in the same lino AO', 
and their foci in the eame point O'. 

(1.) The object OB being supposed 
infinitely distant, incident parallel rays, 
as AD, A'D', A"D", are first rendered 
converging towards O' by MN, and af- 
terwards parallel by PQ. They are also 
much denser than before their first refrao- 
tion, and, when received by the eye, paint 
an image of the object, so much the more 
vivid, as the density of the pencil of rays 
Ib then greater than before it fell upon 
MN. 

(2.) The point B sends forth parallel 
rays as CO and its two parallels, which 
are refracted towards some point h, and 
then rendered parallel by PQ. Since 
this pencil, in emerging from PQ, diver- 
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ges from that formed by the point O, a 
greater number of the parts of the ob- 
ject will be seen as the eye is placed 
nearer to PQ, and as the pupil is more 
dilated. But since the dilation of the 
pupil is small, and since it involuntarily 
contracts in proportion to the quantity 
of light impinging upon the eye, the 
field of view is so much the less as the 
focus of PQ is greater. 

(3.) Since the nature of light will not 
admit of an eye-glass whose focus is 
diminished beyond a certain limit, and 
since the focus ought to be longer in 
proportion to the length of the focus of 
the object-glass, the field of view will be 
less the greater the length of the instru- 
ment, which inconvenience, together 
with those above described, render this 
instrument almost useless for purposes 
of astronomical observation. 

(4.) The pencil of rays c, from B, 
under the axis, meets the eye in the 
direction cF, answering to a point also 
below the axis; and in the same manner, 
a ray issuing from any point of the 
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t object, above the axia, tiaa a HlmiJar !! 

( direction on emerging from the eye- ■{ 

■ glaaa. CoDsequenily, objects and their 
images have like positions with respect I 

■ to direction, when viewed through & 

I telescope of this construotion. ' 

(6.) To detei-mine the field of view, 
we let MN (Fig. i) be the diameter of 
the object-glaBS, AB that of the pupil of ' 
. the eye whose center is in the axis of the ' 

[ telescope, and join M and B, the oppo> 

site extremities of thfise diameters, and 
let MB meet the axis in x, and the 
image in^. We draw also LB and Lp, ' 
and suppose ph and qJj to be produced 
till they meet the object in P and Q. | 
PM is refracted to the pupil in the direo- i 
tion MB, bat every other ray in the i 
pencil, aa PL, and every ray which 
comes from a point more distant from \ 
the axis, falls below the pupil. There- 
fore,'FQ is half the linear magnitude of 
the greatest visible area. QP is meas- 
ured by the angle QLP, or by its equal 
jLp. 
oLo=EI.B+BLp, and 
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^^H BL;j=LBM-L^: 

^^P.-. yLp=ELB+LBM— LpM. 

I And 2QP is measured by 

1 2ELB + 2LBM— 2LpM. 

I That U, the linear magnitude of the Geld 

I of view is measured b.y tlie angle which 

I the diameter of the pupil subtends at 

I the center of the object-glass, increased 

by the difference between the angles 
I which the diameter of the object-glasa 

Btibtends at the pnpil and at the image. 

2. THK "astronomical" TELESCOPE. 

This instroraent, represented in (Fig. 5] 
differs from the Galilean, in having 
convex instead of a concave eye-leni 
which is BO placed with regard to tl 
object-glasa that their foci coincide 
the axis of the telescope between the 
two glasses, instead of being beyond tha 
eye-glass as in tbe Galilean telescope. 
PQ is the eye-glass, MN the object- 
glase, KD the axis, and o the common 
focns. 

(1.) The rays AD, A'D', A"D" from 
O in the object OB, infinitely distant, 
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are refracted to the focus o where the; 
form an image of O, 

(2.) This image o is considered as an 
object placed in the focus PQ, and rays 
diverging from o, and falling on PQ 
emerge parallel to each other, and are BO 
mnuh the more dense as the focal length 
of PQ is less than that of MN. Thej- 
therefore paint on the retina a new- 
image of O, which is so much the more 
Tivid, as the enrface of MN is greater — 
that is, as it admits a greater quantity of 
light. 

(3.) Rays from B form in b, an image 
of this point, and falling afterwards on 
PQ, emerge parallel and more inclini'd to 
AF as the curvature of PQ is greater; so 
that the axis of the pencil which they 
form, cuts the common axis of the two 
lenses in F, the focus of PQ. Conse- 
qnently, to see all of u6 at the same 
time, the eye must be placed at F, the 
oommon intei-seclion of all rays emitted 
from each point of ob, or of OB. 

(4.) b, the image of B, is refracted to 
tba eye in the direction FF, and has 
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^^^^Bifferent direction from that in whiob it 
^^^fiB emitted from B; and the ray whii^ 
I renders visible a point above the axis 

reaches the eye as if it proceeded from 
below the axis ; and thus the entire 
image is reversed. 
I (6.) To find the field of view, we let 

MN (Fig. 6) be the diameter of the ob- 
ject-glass, AB that of the eye-glasa, and 
draw NB, letting it cut the image pqr in 
p. We draw also pL, and eonceive plj 
and EL to be produced until they meet 
the object in P and Q; anddrawpBand 
NP, and also BO parallel to^^E. Then 
the eye at O receives the ray NBO, 
which comes from a point in the object at 
the greatest visible distance from tbe 
l>Axis of the telescope. For raya from 
IBj point above P, converge to a point 
ttHowp, and fall below AB; consequent- 
' is the exteme visible point in tba 
lOt, and QP is half the linear magni- 
ide of the visible area. 

6.) To find tbe brightest area, we 

raw MB cnttiug pqr in s, and the axis 

a x', and draw Ls, and conceive it 






produced till it meet the object in i 
Then, (a) if x'E be greater than ^E, a 
rays from S falling upon MN, are refract- 
ed to AB; for, SM is refracted in the 
direction M«B, and any other ray of the 
pencil, as SL, crosses Jl B at «, and falls 
somewhere between A and B. In like 
mannei', rays from any point between S 
and Q, are refracted to AB. (i) If te' J 
and q coincide, the brightness of tht 
field increases to the center, (c) If q 
fall betwe&i L and x', all the rays belong- 
ing to any one pencil incident upon Mlf,| 
are not received by AB. 

3. THE TKKBESTEIAI, TBLESGOPK. 

The nature of this construction iseaBi*^ 
ly comprehended by reference to (Fig. 1), 
The four lenses have one common axis 
Ay. and each contiguous two are so sit- 
uated that their foci coincide. If OB be 
an infinitely distant object, the parallel 
rays from O, in the axis produced, from 
an image in the focus o, whence, falling 
, PQ they emerge p.irallel to each 
\ other and to tha axis. Falling upon 
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they are refracted to tbe focue o', where 
a secood image is formed; and then di- 
verging, and falling oq TV, they are re- 
fracted to the eye in directions parallel 
to the axis. In like manner, rays from 
B form in 5 an image of that point, 
whence, falling in PQ they are rendered 
parallel to each other, but oblique to the 
axis till they meet RS, by which they re- 
fracted to the second focus !>'; whence, 
falling on TV, they are again rendered 
parallel to each other, but so inclined to 
the axiB aa to meet it again with all the 
other rays iu the focua /, where the eye 
is placed to receive the final impreaaion, 
which ia that of an image corresponding, 
as to its direction, with the object itself. 
For the ray 6'V/i which oarriea the image 
of the point B, has a similar direction 
with respect to the axis, as the ray pro- 
ceeding immediately from 6. 

As the properties of this inslrnraent 
are analogous to those of the astronomi- 
cal telescope, it is unnecessary to enter 
into further discussion of the principles 
of its conatniction. 
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II. TUK BEFI^CriNG TSLKSCOPK, 

Having considered the principles or 
whicii the Rimple refracting telescope if 
oonetructed, we will next explain the 
manner in wbich the propertieB of th( 
reflection of light are utilized for aatro- 
notnical observation by the reflecting 
teleeoope. 

An image may be formed by refleoUoD 
from a polished surface, wrought into s 
convexity, on the same orinci- 
pies of the divergence and couvergenoe 
of the reflected rays, as by refraotioE 
through poiisbed transparent surfaces. 
If rays of light, falling npon a concaij 

■or, diverge from a point beyond t 
inter of curvature, they will converd 
after reflection, to a point between 1 
principal focus, or focus for pan 
rays, and the center of ourvatare. 
point is called the conjugate fooue. 

If light radiates from L (Fig. 8),| 
reflected to /; if it radiates fromj 
Its at L. If the radius of the n 
distance of one focus tr§ 
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are given, the distance of its conjugate 
focua may be determined. As the angle 
LKl is bisected by the radius KC, we 
have LK :IK:: CL : IC — that ia,when KA 
is considered very small, LA : ^A : : CL : 
tC, or, letting r=radiu8, LA : lA:: LA — 



Hence, LA: 
LA 



. ;a 



2;a- 



and 



-^^-: . If the luminous point is 

2LA— r ' 

at C, all the rays will be "reflected back'* 
to the same poiut, and while the radiant 
point moves from C to infinity, the con- 
jugate focus moves from C to F, — the 
principal focus. 

Although there are many cases arising 
from the reflection of tight at carved bbt- 
faces, due to position of mirror and di- 
rection of incident rays, it will be suffi- 
cient for our purpose to consider thoae 
particular cases of reflection which ara 
involved in the construction of the va- 
tioas forma of the reflecting telescope. 

By an examination of (Fig, 9), the 
formation of an image by a concave mir~ 
ror is eaaily anderstood. The ray4 
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AC« and BCJ from the object AB pasa- 
ing through the center of curvature C, 
fall perpendicalarly od the surface MN, 
and are " reflected back " on themselves, 
BO that the focus of the point A ix BOtne- 
where on A«, and that of B on BS, By 
drawing another ray from A, we find it 
reflected to a, which is the focus of A ; 
and by drawing another ray from B, we 
find it reflected to i>, the focus of B. 
Since Aa and Bb cross at C, ad is smaller 
than AB, as eC is smaller than EC. 
When the object is a heavenly body, it 
is at a practically in^nite distance, and 
the rays are, parallel, and the image 
found half-way between the mirror and 
its center of curvature. 

In regard to the convex mirror, the only 
case which happens in the redecting tel- 
escope is that of converging raya iaoi- 
dent upon a surface of such convexity 
as to render them less convergent. 

In (Fig, 10) we consider the light, af- 
ter having been reflected from some con- 
verging surface, to proceed to the con-, 
vex mirror along the lines GA and HB,. 



towards some point M. These rays, after 
reflection converge to L, and come to a 
focas in front of the mirror, at a point 
farther in front than its center C is be 
hind it, so that they have been rendered 
less convergent. 

As tflkmage formed by the concave 
speculum of a telescope is on the same 
side as the object, some arrangement is 
necessary to prevent the observer's head 
obstracting the passage of light to the 
Bpeealum, and hence we have 

I 1, FOUR SIFFERBNT FORMS OF THS BK- 
FLKCTING TKLBSCOPK. 

(l). The Serschelian Telescope — ^In 
this instrument the speculum is so tilted 
as to bring the image to one side of the 
tube. The concave reflector Al> (Fig- 
11) is fixed at the bottom of the tnbe 
MN M'X', and tipped so that its axis GC 
bisects the angle ECc, between the aKis 
of the tube and a line Cc from ils center 
to the edge of tlie opening of the tube. 
Parallel rays, falling on AD, are 
fleeted to the aide of the tube, where the 
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image is formed, and where the eye-glas 
I is placed to magnify it. The image c 

] is represented as being magnified by 

j single convex lens rs. As it falls " hi 

tween rs and its principal focus, a se< 
ond, and enlarged, image is formed at o'b 
While the Herschelian has the brighter 
image of all the reflecting telescopei 
with a given aperture, and possesses th 
advantage — so thoroughly appreciate 
by those in the habit of observing fo 
many consecutive hours — of allowing th 
observer always to look downward, it 
disadvantages are still many. It camio 
produce the finest definition, because th 
reflecting surface cannot hiring the ray 
to an exact focus when they are throw] 
so far to one side of the axiis of the tube 
and the injury to definition, on this ac 
count, is so great that the ^* front view 
plan has been alinost entirely aban 
doned. ^ 

(2). Th^ Gregorian Telescope. — ^Th( 

general principle of this construction ii 

shown in (Fig. 12). -^AB is the specu 

. bim. A little beyond the image T 

:^- :: • • : • 
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which is formed in the axis OT, is a 
small concave mirror CD. T is, with re- 
gard to CD, as an object placed between 
its focus ^, and its center e ; and CD 
forms a second image q^ more or less dis- 
tant from 6 as T is nearer to, or more re- 
mote from t. By moving CD nearer to, 
or further from T, q may be carried to 
any distance. The latter is commonly 
brought a little in front of AB, in which 
is an aperture, through which, by means 
of a proper eye-glass, q is viewed. The 
image appears erect, being reversed with 
regard to T, which is itself reversed with 
respect to the object. 

(3). 2Vie Cassegramian Telescojye, — 
In this construction the smaller reflector 
CD (Fig. 13) is convex, and so placed 
that the image T falls between CD and 
its principal focus t. If CD be removed, 
and the axis GcE directed to Q in the 
object PQ, an inverted image TV, termin- 
ated by the lines QET and PEV, is 
formed in the principal focus of AB. But 
if CB be replaced the rays are inter- 
cepted by it before they reach T, and 



37 




38 



since TV falls between the surface CD, 
and its principal focus t, an erect image 
qp of TV is formed, and is terminated 
by the lines eTq and eVp. This image 
is viewed through the lens FGH, whose 
focal length is G^. 

Objects appear inverted, for pq, which 
is erect with respect to TV, or inverted 
with respect to PQ, is in or near the 
principal focus of FGH; the image upon 
the retina is, therefore, erect, and conse- 
quently the object will appear inverted. 

(4). T/ie Newtonian Telescope. — A 
representation of this telescope i§ given 
in (Fig. 14), in which DAD is a concave 
speculum, and IH a small plane mirror, 
inclined 45° to the axis of DAD. The 
image of OB, which would have been 
formed at o'b'y is caused by III to be 
formed in oh. The latter is observed 
through an opening made in the side of 
the tube directly opposite III, and fur- 
nished with an eye-glass cd. 

If we let PQ (Fig. 15) be the object, 
pq its image, nm the image formed by 
the plane surface IcIT, and klr a convex 
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eye-glass, whose focal length is In; then 
mn^ equal to pq^ and corresponding to 
QP, is seen through klr^ under the angle 
mln ; and QP is seen, with the naked 
eye placed at the center E, under the 
angle g'Ep. Since these angles have 
equal subtenses — mn and qp — they are 
to each other inversely as In andE^-, and, 
consequently, the angle which the ob- 
ject subtends at the center of the eye 
when viewed with the telescope, is to 
the angle when viewed with the naked 
eye, as q is to In — that E is as the focal 
length of the speculum is to that of the 

E^. 
eye-glass. The fraction y^is, therefore, 

the measure of the magnifying power oi 
this telescope. 

Having explained the optical princi- 
ples underlying the construction of the 
most common forms of the reflecting 
telescope, we will next show what difli- 
culties have to be overcome, in order to 
make large reflectors perfect. 

Although the reflector possesses an 
enormous advantage over the refractor, 
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in its inherent immunity from chromatic 
aberration, there is something else which 
quite lowers its position with regard to 
the latter, and that is, 

2. SPHERICAL ABERRATION BY REFLKC- 

TION. 

That all light falling in parallel lines 
on a concave spherical surface is reflected 
to a focus, is true only in a general sense. 
In (Fig. 16) MI is a section of a specu- 
lum, whose center of curvature is L, and 
DC, EG and HI, incident parallel rays. 
To find the focus of EG we draw LG, 
and make the angle FGL equal to EGL. 
But in repeating the process for HI it is 
reflected to K, and the further the rays 
from DC, the further from F is the light 
reflected. The edges of MI must, there- 
fore, be thrown back to ACB, which 
makes its margin a part of a less con- 
cave speculum, and throws its focus 
further from itself, to F instead of to K. 
It is evident that this curve, which will 
throw all the parallel rays to one point, is 
the parabola; and the speculum, especial- 
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ly when of large diameter, is of no use 
without £|p approximate parabolic curve. 

It is in the polishing of specula that 
•the curve is altered from the spherical to 
the parabolic form, and it is here that 
the finest niceties of manipulation come 
into play, and the utmost skill and pa* 
tience are required. That it is extremely 
difficult to give the parabolic figure, may 
be gathered from JSir John Herschel's 
statement, that in the case of a specu- 
lum 48 inches in diameter, ind 40 feet in 
focal length, the distance between the 
spherical and parabolic surfaces at its 
edges was ^y^a of an inch. 

In regard to the form of specula, it 
may be stated generally, that that is a 
good form which gives a good image; 
and that the geometrical distinctions be- 
tween the sphere and parabola become 
mere theoretical abstractions in the fig- 
uring and polishing of specula, there 
being no practical mode of ascertaining, 
by any system of measurements on a 
scale, what form the surface has, apart 
from the optical effect on the rays of light. 
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III. THE COMPOUND REFRACTING, OR 
MODERN APLANATIC AND ACHRO- 
MATIC TELESCOPE. 

In discussing the simple refracting 
telescope, it was assumed that spherical 
lenses bring rays of light, issuing from 
a point, to a focus without dispersion. 
But where the greatest accuracy is re- 
quired, it becomes necessary to consider 
the imperfections of spherical lenses, 
and to discuss the subjects of spherical 
and chromatic aberratlo?is, upon a per- 
fect understandinojof which the construe- 
tion of the modern refractor depends. 

1. THE "objective." 

(I). Spherical Aberration by Refrac- 
tlo)t. — If the diameter of the lens VW 
(Fig. 17) is large in proportion to its ra- 
dius of curvature, parallel rays are not 
brought to an accurate focus, but while the 
central rays cross the axis at F, the ex- 
treme rays intersect it at G, and interme- 
diate rays at points between F and G. To 
estimate the amount of spherical aberra- 
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tion in any case,* we calculate the course 
of a ray falling upon the border of the 
lens. AC (Fig. 18) is a section of the 
curved refracting surface, and QOq its 
axis. The refractive index is n. The 
distance QC, of the radiant point, is 
given, and also CD and AD co-ordinates 
of the point A. Hence, the normal AE 
and sub-normal DE may be found. 
Aq is the refracted ray required, cutting 
QCy in q. 

sin incidence : sin AEC : : QE : QA. 
sin E : sin refraction : : ^A : g^E. 

.'. sin incidence : sin refraction 

oA QA 
' ' ■ " qE • QE' 

%^ = '^ =c (a known quantity). 

qk^=c',q^\ that is, 

p'' + EA' + 2(?E . ED=c'. p», 

.-. (c'-l)p'*-2ED.^E=EA\ 

-v,. 2ED ,. EA^ 



c*^-l ^ c' 

* MicTWCflpical Journal, Vol. VIII., p. 21. 
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^ c — I 

I ED ± VeB" + (?^)1a'[ 

From this formula the value of qE for 
any surface may be calculated. For 
lens of small aperture, the aberration is 
in proportion to the square of the angu- 
lar aperture of the lens ; but for lenses 
of larger aperture, the aberration in- 
creases more rapidly.* 

If ?i equals the index of refraction, r 
the radius of the anterior surface, and 
H that of the posterior surface of a lens, 
then, for parallel rays, the form for least 
aberration is expressed by the equation, 

— TT = 5 . Ir ?i = 1.5, the form 

li 2yi' + n ' 

for least aberration is a lens whose sur- 



* If the lensth of the principal focus be taken as 

unity, the lonjritudinal aberration FG (Fig. 17) for 

lenses of different anjrular aperture will be as follows: 

For 15^' the aberration will be 0.025. 

•' 2'i'' *' *' 0.0(52. 

*• ;w° " " 0.150. 

4r)» ' '* 0.375. 
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faces have their radii in the proportion 
of 1 to 6, with the side of deeper curva- 
ture towards the object— the longitudi- 
nal aberration then being only 1.07 times 
the thickness of the lens.* 

No expedient has been discovered by 
which the spherical aberration of single 
lenses can be rendered less than 1.07 of 
their thickness ; but if, instead of a 
double-convex lens, two plano-convex 
lenses be used, so placed that their con- 
vexities shall be turned towards each 
other, their combined aberration will be 
only 0.248, or about i of their thickness, 
provided that the focal length of one be 
2.3 times that of the other ; and the 
spherical aberration may be wholly 
effaced by the combination of a double- 
convex lens C (Fig. 19) with a meniscus 
M, having suitable curvatures. In this 

♦ Supposing the lens of least spherical aberration to 
have its aberration equal to 1, that of the other lenses 
will be as follows : 

Best form 1.000. 

Double convex or concave, with equal curvature 1.567. 
Plano-convex, with convex side towards object. . 1 .081. 
Plano-convex with plane side towards object. . . 4.906. 
Plano-concave same as plano-convex. 



case the convex aide of M inuat b 
turned towards the object.* 




AUIiough it is hardly possible, in pra« 
iiie, to efface altogetlier tlie effects t 
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spherical aberration, they have been so 
considerably diminished by the adapta- 
tion of the curvatures of lenticular sur- 
faces, that in well-constructed telescopes 
they may be regarded as entirely removed 
lor all practical purposes. The work has 
been accomplished by giving to the two 
sides of the lenses different curvatures, so 
adapted that the aberration produced by 
one shall be more or less counteracted hy 
the aberration produced by the other. 

(2.) Chromatic aberration, — White 
light, when refracted by a lens of any 
single transparent substance, like glass, 
is acted upon as by a prism, and dis- 
persed into all the colors of the solar 
spectrum. This effect is shown in (Fig. 
20), where V is the focus of the violet 
rays, which are most refracted, and R is 
the focus of the red rays, which are 
least refracted. A violet image is 
formed at V, and a red image at R, and 
the space VR is occupied by images of 
intermediate colors. An image of a 
point formed at V is violet, but sur- 
rounded by fringes of all the colors of 
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the spectrum, the outer border being 

red. 

To refract light, and still keep the 

colors united, it is necessary, after the 

rays are refracted, and thus separated, 

to use a substance of greater dispersive 

power, which brings the rays together 

again by refracting them only a part of 

the distance back to their original direc- 
tion. 

The problem is : can we make two 
lenses of different kinds of glass, with 
equal dispersive, but unequal refractive, 
powers? The researches of Euler and 
DoUand answer in the affirmative, by 
showing that the dispersive power of 
dense flint glass is about double that of 
crown glass, while the refractive power 
is nearly the same. Hence, a double- 
convex lens of crown glass A A (Fig. 21) 
is united with a plano-con^te» lens of 
flint glass BB, having a focus about 
double that of A A. BB corrects the 
chromatic aberration of AA, leaving 
about i of the refractive power of AA 
as the effective refracting power of the 



62 



compound lens. No exact rule respect- 
ing the ratio of the curvature can be 
given, because the refractive powers of 
different specimens of glass differ, and 
the proper ratio in each case is found by 




-Hal. Having found it, the two lenses 

have equal aberrations, but in opposite 

directions, while AA refracting riiore 

powerfully than BB, the rays are 

brought to a focus at a distance a little 

^re than double the focal distance of 
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Having explained the general princi- 
ples upon which ^hroniatic lenses are 
produced, it will be satisfactory in a 
question of such importance to supply 
the mathematical details of its solution. 
The problem is : to find what form must 
be given to two lenses of different re- 
fractive powers, to render the focal 
length of the compound lens, for light of 
any one refrangibility, equal to that for 
light of any other refrangibility. Let F' 
and F" be the focal lengths of the two 
lenses for light, of which the indices of 
refraction are n' and n" for the media 
composing the lenses respectfully. Let 
f 2L\\dif" be their focal lengths for light of 
which the indices of refraction are ni' 
and m". Let F be the focal length of 
the compound lens. The converging 
power of the compound lens, on each 
kind of light, is equal to the sum of the 
converging j)owers of the two lenses, 
separately, on the same kind of light. 
The con}) erg ing power of the compound 
lens, therefore, on the light whose indices 
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of refraction are n' wid 7i", is -|^+ ^,77- 

and its converging power on the light 
whose indices of refraction are m' and 

m", is — + -77. But since these two con- 

verging powers must be rendered equal, 

we have, -p + |p7=-7 4-^,. We have, 

then, to assign such magnitudes to the 
radii of the surfaces of the lenses as will 
fulfill this condition. Let R, and R, be the 
radii of the surfaces of the first, and r^ 
and r, those of the surfaces of the sec- 
ond lens. When F equals the focus of 
parallel rays, r and r\ the radii of the 
surfaces, and n the index of refraction 
of any lens, we have, by a formula of 
optics : 

(n -l)(r— r')" 
Hy this formula: 

1 _ (7.--l)(R-R,) 1 _ (rc"-l)(r,-rj 
F'"" R,R, ' F""" r^r^ ' 



\ (77z-i)(R~RJ 1 _ (m^^-i)(r,>r,) 
/-- R.R, y- r,r. 



But since 



we have, 
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Therefore, 

n^-mO(R ~R,) _ (n"-m^^) (r,-r,) 

and consequently, 

n"-m" - (R,-RJr/; 

(n') and (ii'*-m") are the difference be- 
tween the indices of the two lights hav- 
ing different refrangibilities, or the dis- 
persive powers of the media composing 
the lenses for each of the two lights. If, 
then, the radii of the two lenses be so 

selected as to render ,A=r^ — ^r -—^ equal 

to the ratio of the dispersive powers of 
the materials of the two lenses for the 
two kinds of light, the latter are 
brought to the same focus by the com- 
pound lens. 



Suppose the first a double-convex lens 
L {Fig. 22), with equal radii, and the 
second a double -con cave lens L', the 
surface of which, in contact with the 
first, has the same curvature with it, and, 



consequently, the same radius. Obsen-- 
ing that when the convexities are turned 
in contrary directionH, the radii have 

conti%iry signs -77 — — — ^ — ~ — ' — 

ii now reduced 
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Let us suppose that the double-convex 
lens is composed of crown glass, for 
which n' = 1.546566, and m' = 1.525832 ; 
and the double-concave of flint glass, 
for which 7i" = 1.671062 and m"= 






.1627'^49. We then have 

.020734 r-ll, ,^ oo .^, t> 

= -? -. Hence r =23.47 X R,. 

.043313 2r,^ ^ ' 

The radius of the second surface of L' 
must in this case, therefore, be 23.47 
times the radius of L. 

Some of the earlier achromatic objec- 
tives were made of three lenses, as in 
(Fig. 23), a double concave lens of flint 
glass being fitted between two double 
convex lenses of crown glass. In June, 
1860, Professor Sieinheil communicated 
to the Royal Academy of Sciences at 
Munich, a notice of an object-glass of 
the form shown in (Fig. 24), executed 
according to the system of curves pro- 
posed by Gauss. The curves in this com- 
bination bear a considerable resemblance 
to the systems designed with express 
reference to the correction of spherical 



aberration, and for a long lime object- 
glaesesVbf this form were claimed bjt the 
most competent judges to exhibit a mora 
complete achromatism, and in other re- 




spects more perfect definition, than was 
found with object-glasses of other forms." 

• Paper publtehed by O. P, Bond In 1863 on "The 
New Form of the AchromtttlcObJect-Glass! 
by Stetnliell." Also, "ProoeecllnRg of the 
Ai'ademy of Arts and BulencBB." Vol, t1. 
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The problem presented to the mathe- 
matician, as to what shall be the form 
and disposition of the surfaces of two or 
more lenses composed of materials of 
different dispersive powers, which shall 
most effectually destroy the aberration 
of color and figure, is an indeterminate 
one ; so that, for every lens of crown 
glass of positive focus, whatever the 
radii of its surfaces may be, a lens of 
flint glass can be constructed which will 
form, when united with it, an achromatic 
and aplanatic object-glass. This allows 
a great range in the choice of curves, 
and a variety of conditions have been 
proposed by different authorities for de- 
termining the selection. The theory of 
telescope objectives is at this time being 
discussed by many able mathematicians, 
among whom, in our own country, are 
Professors Newcomb and Harkness, of 
Washington, and Professor Chas. Hast- 
ings, of the Johns Hopkins University. 
In regard to the form of objectives, 
Messrs. Alvan Clark and Sons, of Cam- 
bridgeport, Mass., whose reputation as 
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telescope makers is known throughout 
the world, in a letter to me, dated March 
10, 1879, say: "Many forms may be 
used, but from our experience we have 
found that to make the crown glass lens 
of equal ciirvaticre^ and the flint glass 
lens nearly flat on the side next the eye^ is 
the most convenient, and gives as good 
results as any other form; of course, the 
curves must differ with different glass 
used; but the difference will be small." 
This is the form shown in (Fig. 21). If 
the dispersive power of the flint were 
just double that of the crown, the outer 
face of the former would have to be a 
plane surface to produce achromatism, 
but this is not generally the case. As 
no two" specimens of glass made at dif- 
ferent meltings have exactly the same 
refractive and dispersive powers, the 
optician must find the ratio of the dis- 
persion of the two*glasses, and then give 
the outer face of the flint such a degree 
of curvature as to neutralize the disper- 
sion of the crown. Usually, this face 
will have to be slightly concave. 
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(3.) Seco7idary Spectrum, — ^The image 
formed at the focus of a so-called achro- 
matic lens is not absolutely colorless. 
A difficulty arises from the fact that 
flint glass, as compared with crown, dis- 
perses the violet end of the spectrum 
more than the red end. If R, G, and V, 
(Fig. 25), are the centers of the red, 
green and violet in the spectrum given 
by a prism of the glass of which one lens 
is made, and R', G', and V, are those 
of the other; and if the lenses are placed 
so as to counteract each other, and are 
of such curves that the red and violet 
are combined, the green remains slightly 
outstanding. If the second prism dis- 
perses the violet as much as the first one 
does, when they are reversed they ex- 
actly compensate red and violet. But 
the second acts more strongly than the 
first on the green, which is overcomi)en- 
Bated; and if we weaken the second 
prism, so that the green and red are cor- 
rected, then the violet will be slightly 
outstanding. The defect is hardly no- 
ticeable in small telescopes, but in the 
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immense refractors of two feet aperture, 
or upwards, this secondary aberration 



to 
a 



o 



o 



constitutes the most serious optical de- 
fect — a' defect which, arising from the 
properties of glass itself, no art can dim- 
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inish. It has been suggested that this 
difficulty may be lessened by increasing 
the length of the instrument. But in 
doing this with glasses of such large size, 
engineering difficulties will be encoun- 
tered which soon become insurmount- 
able, and it is the opinion of many opti- 
cians and astronomers that *' the limit of 
optical power for such instruments has 
been very nearly attained^ 

(4.) DOUBLE REFLECTION. 

When the curvatures of the inner sur- 
faces of the glasses of an achromatic 
lens are such that they exactly fit each 
other, they are frequently joined to- 
gether with a transparent balsam, so as 
to diminish the loss of light in passing 
through the lens. Whenever light falls 
upon transparent glass, between 3 and 4 
per cent, of it is " reflected back," and 
when, after passing through, it leaves 
again, about the same amount is " re- 
flected back" into the glass. Conse- 
quently, about V per cent, of the light is 
lost in passing through each lens. By 
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joining them with castor-oil or balsaz 
the reflection from the second sarface < 
the flint, and the first surface of tl 
crown is very much diminished, and tl 
loss of about 6 per cent, of the light 
avoided. In case there is no balsan 
the inconvenience of double reflectio 
arises. Some of the light "reflecte 
back" from the second surface of tli 
flint, is again reflected from the fin 
surface of the crown, and sent down t 
the focus of the telescope with th 
direct rays. If one of the lenses be dii 
placed in the slightest degree, the n 
fleeted rays will come to a differer 
^ocus than the direct ones, and ever 
bright star, for instance, which is vie we 
with the instrument, will seem to have 
small companion star along-side of it. 

2. THE EYE-PIECE. 

We have thus far discussed the optici 
principles which are applied in the coi 
struction of refracting and reflectin 
telescopes, consisting of an objcct-glai 
or speculum and an eye-piece of th 
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simplest form, viz.: a single double-con- 
vex lens. We will now go into detail 
somewhat on the subject of eye-pieces, 
and explain some of the different kinds. 
Every ordinary lens possesses the dis- 
advantages of both chromatic and spheri- 
cal aberration, which have been discussed 
in connection with the objective. But 
the eye-piece is not corrected for these 
errors, in the same way that the object- 
ive is. In the case of the former, the 
errors are corrected by using two lenses 
of such focal lengths, or at such a dis- 
tance apart, that each counteracts the 
defects of the other. We do not use 
two kinds of glass as in the case of the 
objective, but so arrange the lenses, that 
the colored rays produced by the first 
lens shall fall at different angles of inci- 
dence on the second, and thus become 
recombined. 

(1.) THE UUYGHENIAX EYE-PIECE. 

This eye-piece consists of two plano- 
convex lenses A and B (Fig. 26), with 
their convexities turned towards the 
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object-glas?, and having their focal 
lengths in the proportion of 3 to 1. 
The strongest lens, -A, is next the eye, 
and B is placed inside the focus of the 
object-glass and brings the image to a 
focus at V, about halfway between A 
and B. This image is then viewed by 
A, and a magnified image of it is seen at 
F'. To show how this combination is 
achromatic, let us consider the path of a 
ray falling on the lens near B (Fig. 27). 
It is there refracted, but as the violet 
rays are refracted more than the red, 
there are two rays produced, r and y, 
giving a colored edge to the image. But 
when this image is viewed by A, it no 
longer appears colored, for v, falling 
nearer the axis of A, is less bent than r, 
and they are rendered nearly parallel 
and appear to proceed from the point 
F', where the image appears without 
color. The focal length of B is three 
times that of A, and they are placed at a 
distance of half their joint focal length 
apart. 
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(2.) THE RAMSDEN EYE-PIECE. 

The Ramsden eye-piece consists of two 
plano-conVex lenses, A and B (Fig. 28), 
of the same focus, placed at a distance 
of two-thirds the focal length of either 
apart. They are both on the eye side of 
the focus of the object-glass, and act 
together to render the rays parallel, and 
give a magnified virtual image of FF'. 
This eye-piece is not strictly achromatic, 
but suffers least of all from spherical 
aberration, and has the advantage of 
being placed behind the focus of the 
object-glass, which makes it superior to 
others in instruments of precision. 

(3.) THE ERECTINa, OR DAY EYE-PIECE. 

The eye-pieces, which we have de- 
scribed, give an inverted image of the 
object, that is, they do not right again 
the inverted image formed by the object- 
glass. Fig. 29 is a diagram of an 
erecting eye -piece due to Rheita, and 
called by his name. It is merely a 
second application of the same means 
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that first inverts the object AB, viz., a 
second small telescope. Dolland substi- 
tuted an Huyghenian eye-piece for the 
eye-lens H, and so made what is called 
** Dolland's Four Glass Eye-piece.*' 

Other forms of eye-pieces might be 
mentioned, as the Pancratic JEye-piece^ 
the different forms of Solar Eye-pieces^ 
etc., but the various forms, which have 
been described, are sufficient to illustrate 
the general principles involved in the 
construction of those most commonly 
used for astronomical investigations. 

IV. COMPARISON OF REFRACTING AND 
REFLECTING TELESCOPES. 

A word or two remains to be said in 
regard to the relative advantages and 
disadvantages of the two classes of 
instruments. The question arises. To 
which class will the great telescope of 
the future probably belong ? Will it be 
a refractor or a reflector? In treating of 
the question of the future of the tele- 
scope, many authors have encroached 
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upon the domain of opinion, and have 
gone beyond the facts vouched for by 
evidence. But in a discussion of this 
kind there are three questions to be 
borne in mind. Of the two classes of 
instruments: 

1. Which has the gresiier ^Hight-grasp- 
ing " power f 

2. Which is more generally suitable 
for observatory work f 

3. Which has greater lyermanertce of 
optical qualities ? 

In regard to the first question^ it is 
certain that up to the present limit of 
size produced, the refractor has the 
advantage. But in the reflector, the 
reflecting power of each unit of surface 
is constant, whatever the size of the 
speculum, and in the refractor the trans- 
mitting power decreases with the thick- 
ness of the glass, rendered necessary by 
increasing size. It is obvious then, that 
on increasing the size, a stage must be 
at last reached, when the two become 
equal to each other. The limit has been 
estimated to be 35.435 inches, a size not 
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yet reached by about 9 inches. But 
object-glasses are slowly gaining in size, 
and it is not improbable that this limit 
will sometime be reached. 

Suitability for observatory/ work^ de- 
pends somewhat on the nature of the 
work required. For measuring posi- 
tions, where permanency of mounting is 
of great importance, the refractor has 
decidedly *the advantage ; whereas, for 
physical astronomy, where a steady 
image for a time only is required, it may 
be found that the advantage will be on 
the side of the future great reflector. 

The question of jyermcuience of 02ytical 
qualities is worthy of attention, and 
here again, the refractor undoubtedly 
has the advantage. It is very rarely the 
case that the polish of object-glasses is 
in any way injured even after many 
years of continuous use ; while specula, 
whether of metal or of silvered glass, 
become considerably tarnished after a 
few years of service. 

After considering these ab vantages 
and disadvantages of the two classes of 
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telescopes, we are led to the following 
conclusions : 

1. At the present day the largest re- 
fractor is equal in optical power to the 
largest reflector. It is more convenient 
in use, easier to manage, and better 
adapted to general observatory work. 
And it enjoys a greater permanence of 
optical qualities. 

2. The reflector will be the great tele- 
scope of the future if (I) specula of 
large . diameter can be produced, free 
from imperfections of curvature and 
polish ; and if (2) increasing difficulties 
of mounting and manipulation can be 
overcome. If these latter mechanical 
difliculties cannot be entirely removed, 
the refractor will continue to be the 
" working instrument " in the future, as 
it has been in the past, although the 
future reflector may accomplish the 
grandest results in the domain of 
physical astronomy. 
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1/ElSBACH. A Manual of Theoretical Me- 
CHAMics. By Julius Weisbach, Ph. D. 
Translated by Eckley B. Coxe, A.M., M.E. 
1100 pages and 902 wood-cut illustrations. 
8vo, olotL $10 00 

rRANCIS. Lowell Hydraulic Exi»eri- 
BiKNxa— being a Selection from Experi- 
ments on Hydraulic Motors, on the Flow 
Oi Water over Weirs, and in open Canals 
ot Uniform RectJinjrular Section, made at 
JL&well, Mass. By J B. Fj'aiuMs, Civil En- 

Eneer Tliird edition, revised and en- 
rged, will: 21^ copper-plates, beautifully 
engraved, a no about 100 lew pages of 
text ito,cJoth 15 0( 

VRKWOOO On the Filtration of River 
VaTBBH, for the Supply of Cities, as pi*ac- 
OMd ta Europe. By James P. Kirkwood. 
lilTistrated by 80 double-plate engravings. 

tr^^. emb 15 0' 
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D. VAN' NOSTRAND'S PUBLICATIONS. 

f^ANNING. A Practical Treatise of Watbr 

Hiippi.Y Engineering. Relatiug to the • 

Hydrology, Hydrodynamics, and Prac- 
tical Construction of Water- Works, In 
North America, With numerous Tables 
and 180 illustrations. By T. T. Fanning, 
C.E. 650 pages. 8vo, cloth extra, . $0 09 

WHIPPLE. An Elementary Treatise on 
Bridge Buildin(;. By S. Whipple, C. E. 
New Edition Illustrated. 8vo, cloth, 4 OQ 

MERRILL. Iron Truss Bridges for Rail- 
roads. The Method of Calculating Strains 
in Trusses, with n, careful comparison Dt 
the most prominent Trusses, in reference 
to economy in comoiuatiou, etc., etc. By 
Bvt. Col. William E. Merrill, U. 8. A., Corps 
of EngineerH. Nme lithographed plates 
<»f illnstrjitions. Third edition. 4to, 
cloih. o . . o . . . . ft 09 

SHREVE. A Treatise on the Strength of 
Bridges and Roofs. Comprising the de- 
termination of Algebraic formulas for 
Strains ir Horizontal, Inclined or Rafter, 
Tiiangular, Bowstring lenticular and 
other Trusses, from tlxed and moving 
loads, with practical applications and ex- 
amples, for the use of Students and En- 
gineers By Samuel H. Shreve, A. M., 
Civil Engineer. Second edition, 87 wood- 
cut illustrations. 8vo, cloth, , . . 8 6C 

KANSAS CITY BRIDGE. With an Account op 
THE Re(;imen op the Missouri River,— 
ajid a description of the Methods u.sed for 
rounding in that River. By O. Channte, 
("hief Engineer, and Georire Morison, As- 
sistant P^ngineer. Illustrated wila live 
•ithographic views and twelve plates of 
plans. 4to, cloth, . , C 09 



D. VAN N08TRAND*S PUBLICATIONS. 

CLARKE. Description of the Iron Railway 
Bridoe Across the Mississippi River at 
Qiiincy, nilnois. By Tliomas Curtis Clarke, 
Chief Engineer, with twouty-one litho- 
grapheil Plans. 4to, cloth, . . . $7 50 

ROEBLING. LoN.i and Short Span Railway 
Bridges. By John A. Roebling, C. E. 
With large copperplate eneravings of 
plans and views. Imperial folio, cloth, . 2.5 00 

DUBOIS. The New Method op Graphical 
Statics. By A. J.Dubois, C. £., Ph. D. 
60 illustrations. SYo, cloth, . . . . 1 50 

Mcelroy. Papbrs on hydraulic Enoinbbr- 
ING. The Hempstead Storage Reservoir of 
Brooklyn, its Engineering Theory and Results, 
By Samuel McElroy, C, K. 8vo, paper, . 50 

BOW. ATreatisk ox Bracing— with its ap- 
plication to Bridges and other Structures 
of Woo<l or Iron. By Robert Henry Bow, 
C. E. 156 illustrations on stone. 8vo, cloth, 1 50 

STONEY. The Theory of Strains in GiRDEiiS 
—and Similar Structures— witli Observa- 
tions on the Application of Theory to 
Practice, audTal>les of Strength and other 
Properties of Materials. By Bindon B. 
Stoney, B. A. New and Revised Edition, 
with numerous illustrations. Royal 8vo, 
664pp.,cloth, 12 50 

HKIRICI. Skeleton Structures, especially in 
their Application to the building of Steel 
jind Iron Bridges. By Olaus Henrici. 8vo, 
cloth, 1 50 

KING. Lessons and Practical Notes on 
«tkam. The Steam Engine, Propellers, 
&v., <&c., for Toung Engineers. By the late 
W. R. King, U. 8. N., revised by Chief- 
Engineer J. W. King, U. 8. Navy. 19th 
edition. 8vo, oloth, . . . • 2 00 
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I>. VAN N08TRAND*8 rDBl.ICATIONS. 

AUCHINCLOSS. Application of thk Slidb 
Valve and Link Motion to Stationary, 
Portable, Locomotive and Marine Engines. 
By William 8 Aucbincloss. Designed as 
a hand book for Mechanical Engineers. 
With 37 wood-cuts and 21 llthographlo 
plates, with copper-plate engraving of the 
Travel Scale. Sixth edition. 8vo, cloth, $8 OC 

BURGH. Mt^DERN MARINE Enoinerrino, ap- 
plied to PadiUe and Screw Propulsion. 
r^onsiBtiiiK of .Sfi Colored Plates, 259 Practi- 
cal Wood-out Illustrations, and 403 pages of 
De.'icriptive Matter, the whole being an ex* 
position ot the present practice of the fol- 
lowing tinns: Messrs J. Penn & Sons; 
Messrs. Maudslay, Sons <Sr Field: Messrs. 
James Watt & Co.; Messrs. J. & G. Ren- 
uio. Messrs R. Napier & Sons- Messrs J. 
A W Dudgeon: Messrs. Ravenhill A i 

Hodgson Mi'ssrs Humphreys & Tenant; 
Mr J.T. Sppurer, and Messrs. Forrester I 

& Co. By N p. Burgh. Fngiteer. One | 

thick 4to vol., el<»th. $2.^ 00; half morocco, S<^ O.' ' 

KACON. A TrkatlskontiikRu hard'sSteam- 
i:N(iiNK Indicator — with directions for 
its use. By Charles T. Porter. Revised, 
with notes and large additions as devel- 
oped by American Practice; with an Ap 
]H'n«1i:i eontaiuing useful fommlse and 
rules tor Kugineers. By F W. Bacon. M. 
K. I.listrated Second edition. l2mo. 
(loth 11.00; morocco, I M 

ISHERW09D KN'iiNKKKiNG Precedents fob 
i<Ti AM M.vciiiNHRV. By B. F. Isherwood, 
ciiiet Engineer, U. S Navy With lllua- 
t rations. Two vols, in one. 8vo, oloth, 2M 

STILLMAN. The Stram Engine Indicator 
—and the Improved Manometer Steam 
and Vacuum Uaugea—tlielr Utility and ai>- 
plieatiou. By Paul Stillman. New edition. 
v2mo, cloth, ... . 1 *!► 



h. VAN NOSTRAND'S PUBLICATIONS. 

MacCORD. A Practical Treatise on the 
Slide Valve, by Eccentrics— examininj? 
byiiiethods tbe action of the Eccentric 
upon the Slide Valve, and explaining the 
practical processes of layinjr out the move- 
ments, adantin^ the valve for its various 
! duties in the steam-engine. Bj- C. W Mac 
Cord, A. M., Professor of Mechanical 
! Drawing, Stevens' Institute of Technol- 
' ogy, Hoboken, N. J. Illustrated. 4to, 
I cloth $3 00 

' PORTER. A Treatise on the Richards' 
; Steam-Engine Indicator, and theDevel- 

j opmeur. and Application of Force in the 

I Steam-Engine. By Charles T. Porter. 

Third edition, revised and enlarged. II- 
I lustrated. 8vo, cloth, . . 3 50 



McCULLOCH A Treatise on the M^^^iani- 
CAL Theory of Heat, and its api-lica- 
tions to the Steam-Engine. By Prof. 
R. S. McCulloch, of the Washington and 
I AM'- University, Lexington. Va. 8vo. 
cloth, ..... 3 50 

VAN BUREN. Investig.\tions of Fohmi;- 
las— for the Strength of the Iron parts of 
Steam Machinery. By J. D. Van Buren, 
Jr.. C. E. Illustrated. 8vo, cloth. 2 00 

STUART. How to Become a Successful En- 
gineer. Being Hints to Youths intending 
to adopt tht) Profession. Bv Bernard 
Stuart, Engineer Sixth edition 18mo. 
boards, ..... 50 

SHIELDS. NoTKH ON RNGiKEKRrNo Construc- 
tion. Embracing DiKcnHpionn of the Prin- 
ciples involved, and Descriptions of the 
Material cniployed in Tnnneling, Bridging, 
Cannl and RoaJl Bnikling, etc.. etc. By J. 
E. Shieldt*, C. E. 12mo. cloth, . . . 1 50 
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D. VAN NOSTRAND'S PI;BLICATU)N». 

7EYRAUCH. Strength and Calculation of 
Dlmensions op Iron and Bteel Con- 
structions. Translated from the German 
<»f J. J. Weyrauch, Ph. D., with fourfold- 
iijjc Plates. 12mo, cloth, . . . $1 OQ 

STUART. The Naval Dry Docks op the 
United States. By Charles B. Stuart, 
Euerineer in Chief, U. S. Navy. Twenty- 
loiir engravings on steel. Fourth edition. 
4to, cloth, . . . . 6 00 

COLLINS. The Private Book of Useful Al- 
loys, and Memoranda for Goldsmiths, 
Jewellers, etc. By James E. Collins. 
i8mo, flexible cloth, 50 

TUNNER. A Treatise ON Roll-Turning for 
the Manufacture of Iron. By Peter Tun- 
uer Translated by John B. Pearse. 
With numerous wood-cuts, 8vo, and a 
folio Atlas of 10 lithographed plates of 
Rolls, Measurements, &o. Cloth, . . 10 00 

GRUNER. The Manufacture of Steel. By 
M. L. Gruuer. Translated from the 
French, by Lenox Su^ith, A.M., E.M. ; 
with an Appendix on the Bessemer Pro- 
cess in the Unitecl States, by the transla- 
tor. Illustrated by lithographed drawings 
and wood-cuts. 8vo, cloth, . . . . 3 50 

BARBA. The Use of Steel in Construction. 
Methods of Working, Applyiug, and Test- 
ing Plates and Bars. By J. Barba. Trans- 
lated from the French, with a Preface by 
A. L.Holley,P.B. Illustrated. 12mo, cloth. 1 50 

SHOCK. Stbam Boilers ; their Design. Con- 

STRUOTION, AND M-VNAGivlf BNT. by Will lain 

A. Shock, Engineer- in- Chief. U.S.N. : Chief 
of Bureau of Steam Engineering, U.S. N. 480 
pages. Illustrated with 1.50 woodcuts and '¥i 
fnli-pufirf^ platos (80 double). 4to, ilhistrat'Ml. 
half riio »•'•,'/>, "5 00 



tbo Useful Arts, eaiieclallr tn 

By J. H. Ward, Ooinmander \j. a. nayy. 

8VO, I'lutli $1 00 

CLARK, A Manual or KclBh, Tablkh and 
Data mic Mechanical ENotNEtris. 
Baaeil on Uiutiiiialr mceDt investliinlliini. 
By rmn. Kliineur Clark. Illu»trat>^il witli 

Clotli.^1^50: hnltiiiorocro. . . '. '.10 00 

JOVRSON. Tug Mgtalh Uhe!} IN Cokiithuc- 
TliiN: Iron. Bteel, Beesemer Metals, etf. 
By F. H. Jojnson. lllHat-niMMl. 12inii, 

DODD. DicnoNART op MABDFACTURM, MiK- 

ma, MAOmrfERT. and the I>'du8TRial 
Akts. By George DmM. ismo. oloth. I 00 

PIUBOTT. I'atsT Book is QuAUTATmi < 
nsTBr. By Alben B. PiUBDott, Prole 
"• " '- and Applied Cbemlvtry in 



o tbe Rovnl Baxnn MlniOK AvMlemy. 
Trannlated byProteeBor n. B. Corn vail. 
With elgbtT-«eveD wood-cut* aud litbOBra- 
lililc plate. TMrdedl(lan,revtae(l. sMpji. 



PLYMPTON. Thb Blow-Pipe: 
Ilea In tbe Det«riiitnatiaii 
MineralH. Compiled from various hd 



Did luMltuto, BrmUyii, N, Y, 19mo, c 



1 50 
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JANNETTAZ. A GUIDE to the Dbteh^ination 
OF Rocks ; being an Introduction to Lith- 
ology. By Edward Jannettaz, Docteur dee 
Sciences. Translated from the French by 
G. W; Plymptou, Professor of Physical 
Science at Brooklyn Polytechnic Institute. 
12mo, cloth, $1 60 

MOTT. A Practical Treatise on Chemistby 
(Qualitative and Quantitative Analysis), 
Stoic hiometry. Blowpipe Analysis, Min- 
eralogy, Assaying, Pharmaceutical Prepa- 
rations Human fcjecretions, Specific Gravi- 
ties, Weights and Measures, etc., etc., etc. 
By Henry A. Mott, Jr., E. M., Ph. D. 650 pp. 
8vo, cloth, '16 00 

PYNCHON. Introduction to Chemical Phy- 
sics ; Designed for the Use of Academies, 
Colleges, and High Schools. Illustrated 
with numerous engravings, and containing 
copious experiments, with directions for 
l)rei)aring t hem . By Thom as Ruggles Pyn- 
chon, D. I)., M. A., PiHisideut of Triiiitv Col- 
lege, Hartfoi-d. New edition, revised and 
enlarged. Crown 8vo, cloth, . 3 00 

PRESCOTT. CnFjviicAL Examination of Alco- 
holic liiQUORs. A Manual Of the Coustit- 
uiMits of tlic Distil led Spirits and Ferment- 
ed hiciuors of Commerce, and their Quali- 
tative and Quantitative Determinations. 
By Alb B. Prcsc^ott, Piof. of Chemistry, 
riiivcrsity of Michigan. 12mo, cloth, . 1 50 

ELIOT AND STORER A COMPENDIOUS MANUAL 
oi QiALiTATivE Chemical Analysis. By 
( ha rics W. Eliot and Frank H. Storer. Re- 
\ i s< (l, wi t h the co- operation of the Authors, 
by Williau. Ripley Nichols, Professor of 
< 'iKMuistry in the Massachusetts Instltate 
of Technology. New odiUon, revised. Il- 
lustrated. 12mo, oloth. • . • . 1 SO 
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NAOUET. Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writ- 
ings, Adulteration of Alimentar:rand Phar- 
maceutical Substances ; Analysis of Ashes, 
and Examination of Hair, Coins, Fire-arms 
and Stains, as Applied to Chemical Juris- 
prudence. For the Use of Chemists, Phy- 
sicians, Lawyers, PharmaciHts, and Ex- 
perts. Translated, with additions, includ- 
ing a List of Books and Memoirs on Toxi- 
cology, etc., from the French of A. Naquet. 
by J. P. Battershall, Ph. D. ; with a Preface 
bv C. F. Chandler, Ph. D., M. D., LL. D. 
Illustrated. l2mo, cloth, . . . . $2 00 

PRESCOTT. Outlines of Proximate Organic 
Analysis for the Identification, Separa- 
tion, and Quantitative Determination of 
the more commonly occurring Organic 
Compounds. By Albert B. Presoott, Pro- 
fessor of Chemistry, University of Michi- 
gan. 12mo, cloth, . . . . 1 75 

OOUGLAS AND PRESCOTT. (QUALITATIVE Chem- 
ical Analysis. A Guide in the Practical 
Study of Chemistry, and in the work of 
Analysis. By S. H. Douglas and A. B. 
PrcHCott; Professors in the University of 
Michigan. Third edition, revised. 8vo, 
ch>th 3 50 

RAMMELSBERG. Guide to a Course of 
(Quantitative Che5IICal Analysis, Espe- 
cially OF Minerals and Furnace Pro- 
ducts. Ilhistiated by Examples. By C. 
F. Kammclsberg. Translated by J. Tow- 
lor, M. J). 8vo, cloth, 2 25 

BEILSTEIN. An Introduction ro Oualitative 
CiiKMKAL Analysis. By F. Beilstein. 
Third Cilition. Translated b^' I. J. Osbun. 
l-inio. cloth 75 

POPE. A Iliiiid-book for KUvctricians and Ower- 
Htors. By Fnmk L. Pope. Ninth edidon. 
lie vised and enlarged, and fully illustrat- 
ed. 8vo, cloth, 2 00 
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